Relative accuracy of sweep net sampling was compared with D-vac (D-vac, Riverside, Calif.) and absolute sampling methods for determining population densities of pea aphid, Acyrthosiphon pisum (Harris), Nabi.s spp., Hippodamia spp., and Chrysopa spp. in lenti]s (Lens culinaris Medikus). Relative effects of the abiotic environment, predators, and time of sampling on population estimates also were determined during 2 yr. Original counts, area, and volume adjustments were used to evaluate accuracy of the sampling method. Volume adjustment was most accurate and was used in all subsequent evaluations. Sweep net estimates of pea aphid, Nabis spp., and Hippodamia spp. densities were similar to those obtained with absolute and D-vac sampling methods, although sweep net sampling consistently gave lower population estimates than those found for absolute sampling. In these experiments, the sweep net did not adequately sample the Chrysopa spp. in ]entils. The time of sampling was significant when sampling for pea aphid; however, it was not as important for sampling of the three insect predators. Each year, sweep net samples were taken randomly at two locations in two fields every hour for 72 consecutive hours. The abiotic factors studied were light intensity, temperature, relative humidity, and wind velocity; Nabi.s spp., Hippodamia spp., and Chrysopa spp. were the predator groups studied. Light intensity was the only abiotic factor that was significantly correlated with pea aphid numbers over both years, whereas all four abiotic factors had significant correlations at low aphid densities in 1983. The diurnal sine of hour was significantly and positively correlated with number of aphids collected by sweep net each hour, whereas predator densities were significantly and negatively correlated with aphid densities over both years. Optimum sampling time for pea aphids in lentils can depend on the dominant predator group being sampled; however, for pea aphids and all predator groups, a sample taken in late morning is preferable when sweep net samples are taken.
including peas, Pisum sativum (L.) , alfalfa, Medicago sativa (L.) , and lentils, Lens culinaris Medikus (Maiteki et al. 1986 ). The potential for economic injury by the pea aphid already has been established for peas (Maiteki & Lamb 1985 , Yencho et al. 1986 ) and alfalfa (Cuperus et al. 1982 , Wilson & Quisenberry 1986 . Although this aphid is known to reduce lentil yield (Murray et al. 1987 ), sampling procedures and economic injury levels have not been developed.
The choice of a sampling method should maximize precision, and minimize sampling time and sampling costs (Gomez & Gomez 1984) . Relative sampling methods are most commonly used, because absolute sampling is laborious and cumbersome. A sweep net is the most frequently used relative sampling device for making insect counts from vegetation (Southwood 1978) . Absolute density values are required to validate the accuracy of sweep net sampling (Southwood 1978 , Bechinski & Pedigo 1982 . Abiotic and biotic effects on sweep net sampling also should be considered when a sampling method is validated for a specific insect species and crop.
The sweep net is the most frequently used tool for deriving insect population estimates from herbaceous vegetation (Southwood 1978) . The low cost per sample, speed, and simplicity of the sweep net sampling method are primary reasons for its use. However, accuracy of sweep net estimates is influenced by abiotic and biotic factors. The effects of these factors vary among insects and the crops being sampled.
Population estimates of pea aphids, potato leaf-aphids and potato leafhoppers seemed to be affected most by plant height (Saugstad et al. 1967) . Wind and temperature were important factors in determining sweep net population estimates of potato leafhopper adults in alfalfa (Cherry et al. 1977) . The precision of sweep net sampling is reduced by the inability of the sweep net to penetrate the plant canopy effectively in cotton (Byerly et al. 1978 , Ellington et al. 1984 and by the location of the insect being sampled within that canopy. Sweep net population estimates for most insect species were low when compared with other sampling methods in soybeans (Shepard et al. 1974 , Bechinski & Pedigo 1982 , cotton (Byerly et al. 1978 , Ellington et al. 1984 , and alfalfa (Pruess et al. 1977) . Nymphal sweep net population estimates of Lygus hesperus Knight were correlated with relative humidity, temperature, and light intensity in lentils, whereas estimates of numbers of L. hesperus adults were not significantly correlated with any of the abiotic factors monitored when sampled early in the growing season (Schotzko & O'Keeffe 1986a) . Sweep net sampling for L. hesperus is similar to other sampling methods in lentils (Schotzko & O'Keeffe 1986a) . Insect distribution, density and activity, plant height and density, and the location of the insect within the canopy influenced the effectiveness of sweep net sampling in cotton (Byerly et al. 1978 , Ellington et al. 1984 . Because many factors affect sweep net accuracy, a regression analysis that incorporates abiotic and biotic conditions is required to develop satisfactory models of the variation in sampling (Ruesink 1980) . . As described in an earlier publication (Schotzko & O'Keeffe 1986a), either of two major types of cycles are present in a 24-h period: crepuscular or diurnal. The crepuscular sine of hour {sine[0.5239(hour)]} describes a 24-h cycle that has two peaks. The crepuscular peaks commonly occur at dawn and dusk. The diurnal sine of hour {sine[0.21679(hour)]} describes a 24-h cycle that has a single peak every 24 h. These sine functions can be used to determine if there is a significant cyclic variation within a 24-h period and whether that variation is diurnal or crepuscular (Schotzko & O'Keeffe 1986a) . They also provide a useful, simple function that can be included in the modeling of the variation over a 24-h period when the interactions between the biotic and abiotic factors are complex.
Lentils are a food legume that grows to a height of about 60 cm. The lentil plant canopy is less dense than those of soybeans, cotton, or alfalfa and is therefore more easily penetrated by a sweep net. The pea aphid is commonly found in lentil fields when the plants are barely high enough to sweep. The aphid populations can develop to very high levels in less than 4 wk and often require treatment with insecticides. Aphid population development is partly dependent on the abundance of natural enemies (Hagen & Van den Bosch 1968 , Neuenschwander et al. 1975 . Three of the predominant predator groups in lentils in northern Idaho and eastern Washington are nabids, Nabis spp., lady beetles, Hippodamia spp., and lacewings, Chrysopa spp. These predaceous insects are important in determining the rate of aphid population development and should therefore be considered when evaluating a sampling method.
Our objectives were to evaluate the relative accuracy of sweep net sampling when compared with D-vac (D-vac, Riverside, Calif.) and absolute sampling methods for determining pea aphid, nabid, lady beetle, and lacewing densities in lentils. The effects of sampling period (morning versus afternoon) and insect density on estimates of insect population levels were evaluated. The effects of relative humidity, temperature, light intensity, wind velocity, and time of sampling on population estimates of the pea aphid and three of its predator groups were examined when a sweep net was used to collect hourly samples in lentils for a 24-h period. We also determined variation of sweep net sampling estimates because of insect density.
Materials and Methods
Sampling Comparison. Three sampling methods (sweep net, D-vac, and absolute) were evaluated concurrently during two periods of the day (morning, 0800-1200 hours, and afternoon, 1300-1700 hours) at two locations (Kendrick, Idaho, and Palouse, Wash.) during 2 yr (1983 and 1984) . Each sampling method was used to determine insect density (adults and nymphs) at 25 sampling sites that were randomly selected in each lentil field.
The absolute sample was taken by placing a fumigation cage (Pedigo et al. 1972 , Kogan & Pitre 1980 , consisting of a plastic container (33 cm deep, 23 cm wide, 61 cm high) with six dichlorvos strips, over undisturbed lentil plants at each sample site for 3-5 min. Plant material was removed and examined for insects, as was the soil surface. Actual numbers of insects in each sample unit were counted when the field was sampled.
The sweep net and D-vac samples were taken in undisturbed lentils within 2 m of the absolute sample during the interval between placement of the absolute sample and the counting of insects. The sweep net sample was always taken by the same person and consisted of a single 180 0 sweep with a sweep net (38 cm diameter) in the top 30 cm of plant canopy. The D-vac sample was taken using a backpack D-vac (Dietrick 1961) by placing the suction cone (33 cm diameter) over the plants and quickly lowering the cone until it touched the ground. All insect counts were made in the field. Pea aphid counts were taken in 1983 and 1984, and the insect predator groups were counted in 1984.
Morning (0800-1200 hours) and afternoon (1300-1700 hours) weather conditions were similar on all 493 sampling days. Air temperatures were higher and humidity was lower in the afternoons.
The three techniques used to compare the sampling methods were insect counts, insects per area covered by a sampling method, and insects per volume of plant canopy sampled. The original counts were not transformed or adjusted. The area covered by the absolute sample was 759 em'; all sweep net (area = diameter x length of arc) and D-vac (area = 11"r') area samples were adjusted to 759 em' for comparison and analysis. The absolute sample unit equaled a volume of 45,540 em". All sweep net and D-vac data were adjusted to equal that volume for comparison and analysis. The sweep net volume was calculated by determining the area of the opening (11"r') multiplied by a constant, which accounted for using only the bottom 30 em of the sweep net (0.7895), multiplied by the length of the 180" arc (168 em). The D-vac volume was calculated by determining the area of the opening multiplied by the estimated height of the lentil plants (60 em). Two hundred replications were taken over the two sampling periods, two dates, and two locations in 1984. One hundred replications were taken over the two sampling periods, one date, and two locations in 1983. Data were analyzed using correlation regression and analysis of variance. The F test was used in all comparisons of two means, and the Duncan option from the SAS procedure (SAS Institute 1985b) was used in all comparisons of three or more means.
Diel Variation. The relative effects of abiotic environment and time of sampling on population estimates of all stages of the pea aphid and three of its predator groups in lentils were determined during 1983 and 1984 by taking sweep net samples randomly at two locations in two fields every hour for 72 consecutive h. In 1983, the two fields were located near Kendrick and Palouse. In 1984 (SAS Institute 1982, 39-84; 1985b, 296-336) , and analysis of variance (SAS Institute 1985b, 57-83) on the untransformed mean of the five subsamples per field. C(p) can be used as a criterion for selecting models (Mallows 1964) . C(p) is a measure of total squared error; Mallows (1964) suggested that the model where C(p) first approaches P be used.
Results and Discussion
Sampling Comparison. Three techniques for equating relative accuracy among sampling methods showed differences depending on the technique used to standardize and analyze the capture data ( Table 1) . Use of the original counts equates the data on a per-un it-effort basis without adjustments for area covered or volume of plant canopy sampled. This technique biases data interpretation for the sweep net sampling method in these experiments, because the sweep net sampled the largest area and volume and significantly overestimated pea aphid and nabid densities ( Table 1 ). The actual area and volume covered by the D-vac in these experiments were close to those of the absolute method and provided a more equivalent comparison when original counts were used, although D-vac sampling estimated lower populations for pea aphids and higher populations for nabids when compared with the absolute counts ( Table 1) . Use of the original counts creates a problem in comparing data sets from other publications and sampling procedures because the variation in the type and size of sample is not standardized, and changes in the relative performance of the methods would therefore be expected.
The use of an area adjustment probably is the most common technique for standardizing different sampling methods (Southwood 1978 , Kogan & Herzog 1980 . This adjustment considers the area covered by the sampling method, but it does not account for variation in the amounts of plant canopy sampled. If the plant canopy is tall, the proportion of the canopy included in the sample may be more important than the area covered by the sampling method (Byerly et al. 1978) . When we applied area adjustments to our data, both relative sampling methods significantly underestimated the aphid and nabid populations compared with the absolute populations; the sweep net estimated significantly lower populations than the D-vac for both insects (Table 1) . When the area adjustment was used, results for the sweep net were the reverse of those found for the original counts. This change in the estimated accuracy of the sweep net sampling method suggests potential problems when reports that do not use the same type of adjustment are compared.
The volume adjustment does not compensate for the location of insects within the canopy but standardizes the amount of plant canopy being sampled. The amount of plant canopy sampled is biologically important for phytophagous insects when two different crops or sampling methods are compared. Sampling only the portion of the plant canopy used by the insect at the time it is sampled would be preferable; however, such precise information is generally not available for field situations. When we applied volume adjustments to our data, we found that sweep net and D-vac sampling provided population estimates that were not significantly different; both relative sampling methods significantly underestimated populations compared with the absolute sampling method (Table  1) . Overall, use of the volume adjustment in comparing sampling methods appeared to provide a more accurate biological and statistical picture of the comparative insect densities in lentil fields, with similar R' and lower coefficients of variation (Table  1) . This shows that the method of data adjustment is important and should be considered when data for samples of insects are compared. The volume adjustment was used in all the following comparisons between sampling methods.
Sweep net sampling provided reliable estimates for pea aphid, nabid, and lady beetle densities in lentil fields compared with either the absolute or D-vac sampling methods. No significant differences (P < 0.0196) between sweep net and absolute or D-vac sampling methods for lady beetle density estimates were detected ( Table 2 ). The population estimates for pea aphids (P < 0.0071) and nabids (P < 0.0077) were significantly lower for sweep net and D-vac than the absolute overall in 1984 ( Table 2) . The lacewing population estimates were significantly lower (P < 0.0001) for sweep net than Means followed by the same letter are significantly different (P > 0.05; Duncan's option [SAS Institute 1985b) for D-vac, and the D-vac estimates were significantly (P < 0.0001) lower than the absolute values (Table 2) .
Significantly fewer pea aphids (P < 0.0013) and nabids (P < 0.0001) were collected during the afternoon sampling period when counts obtained from all sampling methods were combined. Lady beetle (P > 0.3554) and lacewing (P > 0.3856) population estimates were not significantly affected by time of day ( Table 2 ). The significant effects of sampling time on pea aphid and nabid density estimates were the result of the reduced accuracy during the afternoon sampling period of sweep net and D-vac (P < 0.0002) sampling methods for pea aphids, whereas only the sweep net had reduced afternoon estimates for nabids (P < 0.0428) ( Table   2 ). Sweep net sampling appeared to be less accurate for collecting aphids and nabids in the afternoon sampling periods; this reduction in accuracy should be considered when populations of these insects in lentils are estimated. The cause of the reduced accuracy of afternoon sampling warrants further investigation. D-vac samples were significantly correlated (P < 0.0174) with the absolute samples at higher pea aphid densities in 1983 (Table 3) . Sweep net samples were significantly correlated with D-vac (P < 0.0036) and absolute samples (P < 0.0001). D-vac samples also were significantly correlated (P < 0.0007) with the absolute samples at low aphid densities in 1983 ( Correlation coefficients followed by an a are significant at P < 0.001 and followed by a b are significant at P < 0.01 (SAS Institute 1985b, 296-336). aphid densities for 1983 were combined, the sweep net (P < 0.0003) and D-vac (P < 0.0001) were significantly correlated with absolute samples (Table 3). In 1984, sweep net (P < 0.0001) and D-vac (P < 0.0001) samples were correlated with the absolute samples at the high aphid densities, whereas no significant correlations were observed at the low pea aphid densities (Table 3 ). The densitydependent variability in the correlations was expected; lack of significant correlations may be because of the clumped distribution of the insects at low densities (Ellington et al. 1984) . However, in 1984, the correlations for combined data were significant between sweep net and the absolute samples (P < 0.0001), and D-vac and the absolute samples (P < 0.0001) (Table 3) . Overall, no differences in the reliability of the relative sampling methods were apparent when they were compared with the absolute sampling method for determining pea aphid densities in lentils (Table 3) .
Population estimates of the three predator groups in lentils showed considerably more variability than was found for the pea aphid (Table 3 ). This may be partly because of the low densities at which the predators were observed (Table 2 ). Significant correlations between sweep net and D-vac estimates at low (P < 0.0001) and high (P < 0.0179) nabid densities were observed; the sweep net samples also were significantly correlated with the absolute samples at high densities (P < 0.0001) (Table 3) . When the combined nabid data were considered, population estimates obtained with all the methods were significantly correlated (P < 0.0001) with one another; the strongest correlation observed was between the sweep net and absolute counts (Table  3) . Only one significant correlation (P < 0.0001), that between D-vac and absolute samples at the lower densities, was observed for lady beetles (Table 3). Neither of the relative sampling methods was significantly correlated for lady beetles. The lack of a significant correlation may be because of the effective microdistribution of this insect, which may have been so small that the individual samples were independent, and low correlations would therefore be expected. As with lady beetles, the sampling methods for the lacewings were not strongly correlated; the only significant correlation (P < 0.0001) was between the relative sampling methods (Table 3 ). The sweep net was the least accurate method used for collecting lacewings in these studies (Tables 2 and 3) .
When pea aphid densities were high, significant differences (P < 0.0007) were observed in the number of aphids collected between morning and afternoon periods (Table 4) . However, at middle (P > 0.0942) and low (P > 0.3193) pea aphid densities, no significant differences were noted between morning and afternoon population estimates, although a larger mean number of pea aphids was observed in the morning at low densities (Table 4 ). In addition, the relative performance of the sampling methods varied significantly (P < 0.0018) because of the density, with the sweep net and D-vac collecting fewer insects when pea aphid density was reduced relative to the absolute sampling method (Table 4 ). This reduced accuracy of sweep net estimates from 81% of the absolute samples at high aphid densities to 8% of the absolute samples at middle densities is a concern for researchers who collect samples when insects are present at less than one per sweep. However, this reduction is less important when a field sampling plan is being developed, because the insect densities at which reduced efficiency occurs are far below the expected economic thresholds for pea aphids on lentils.
No differences in the number of predators captured because of the time of sampling over the densities were observed (Table 4) . For the insect densities we sampled, the relative sampling methods performed consistently when compared with the absolute sampling method (Table 4) . Overall, the sweep net collected fewer nabids and lacewings Vol. 82, no. 2 than the absolute and D-vac samples, whereas the sweep net collected greater numbers of lady beetles than the D-vac (Table 4) . The sweep net sampling method consistently gave population estimates closer to those of the absolute samples than did the D-vac for lady beetles (Tables  2 and 4 ). The D-vac sampling method consistently gave estimates closer to those of the absolute samples than did the sweep net for nabids and lacewings (Tables 2 and 4) . No consistent trend was observed for either relative sampling method when sampling pea aphids; however, at the highest aphid densities, the sweep net may collect more aphids per sample (Tables 2 and 4 ). The correlation coefficients and H2 were higher when comparing D-vac to the absolute than those when sweep net samples were compared with absolute samples for lady beetles and lacewings (Tables 2 and 6 ). Sweep net samples had higher correlation coefficients and H2 only for the nabids (Tables 2 and 5) .
At high pea aphid densities (approximately 30-60 aphids per sample), sweep net and D-vac had significant slopes (a = slope in Table 5 ) of 0.78 (P < 0.0001) for the sweep net and 0.87 (P < 0.0001) for the D-vac. However, at low aphid densities (about one aphid per sample), no significant regressions were obtained (Table 5) . When the data were regressed by time of sampling, the H2 and slopes were increased (Table 5 ). This increase in the H2
showed that the general time of sampling provided a better predictive equation than did insect density at the time of sampling. The combined data provided significant regression with slopes which were not significantly different from 1 for both of the relative sampling methods (Table 5 , overall). However, if the microhabitat variation was eliminated by comparing population estimates over all the replicates within each sampling period and date, HZ was again increased (Table 5, summary). The regressions of the nabid data followed the same trends, with increases in the H2 when data were considered by time of sampling (Table 5 , morning and afternoon) and another increase in the HZ when the microhabitat variation was eliminated (Table 5, summary). Regressions for the lady beetle had low H2, except for the regression which eliminated microhabitat variation (Table 6, summary). For lady beetles, the only significant summary regression was sweep net (Table 6, summary). As with the lady beetle data, the lacewings had very low H2 and few significant regressions. However, afternoon sampling did produce the only significant regression for both relative sampling methods (Table 6, afternoon). Overall, relative sampling with a D-vac or sweep net had similar correlation coefficients and H2 for the pea aphid and its three major predators in lentils. The sweep net is less laborious and costly, making it the preferred sampling method for this pest at densities of more than one per sample.
The sweep net sampling method can be used in lentils for accurately predicting pea aphid, nabid, and lady beetle densities, although it will underestimate populations when compared with absolute sampling. Lacewings were not accurately sampled with the sweep net; if the sweep net is used to sample populations to estimate densities, care should be taken to equate the results with some other sampling method. The predator groups we sampled can be sampled either in the morning or afternoon, whereas pea aphids would apparently be best sampled in the morning. Our research was not intended to define diel variation. Instead, we sought to describe the performance of sampling methods within general time periods. The evaluation of hour of sampling and environmental effects will follow and are necessary before the accuracy of sampling methods can be validated adequately. However, the time of sampling and insect to be monitored must be considered when developing a sampling procedure for lentils.
Diel Variation. Estimates of pea aphid populations obtained by sweep net sampling were significantly correlated with all the abiotic factors we monitored in 1983; the highest correlation was between sweep net collections of pea aphid and the diurnal sine of hour and the lowest correlation was between pea aphids and the crepuscular sine of hour (Table 7) . The lower pea aphid densities in 1983 showed higher correlations than high pea aphid densities during that year, whereas no consistent density-related effects were observed during 1984 (Table 7) . The low population densities in 1983 were significantly and negatively correlated with relative humidity and significantly and positively correlated with wind velocity, light intensity, temperature, and diurnal sine of hour ( 7). Population densities during 1984 were not corall densities in 1984 and over years, shows the rerelated with wind velocity or temperature; howduced effect of these factors at high densities. However, a significant negative correlation was found ever, at densities close to the economic thresholds with relative humidity, and a significant positive of this insect, these are important factors in sweep correlation was found for light intensity and diurnet estimates of pea aphid (Table 7) . Over both nal sine of hour (Table 7 ). The loss of significant years, only the diurnal sine of hour and light incorrelations for wind velocity and temperature, over tensity were significantly correlated with pea aphid counts, making light intensity the most impartial abiotic factors monitored, the predator groups had abiotic factor that might influence the effectiveness higher correlation coefficients at the lower pea aphid of sweep net collection of pea aphid in lentils (Ta-densities. Lady beetles had a significant positive ble 7).
correlation at low and high densities and over denNumbers of pea aphids collected by sweep net sity within years; however, when the data were were significantly correlated with the numbers of combined over years, a weak negative correlation the three predator groups ( Table 7) . As with the was found ( Table 7) . The negative correlation be- tween the predator groups and pea aphids may be partly because of the fact that the locations for these studies were selected for the high aphid densities; the presence of high predator numbers would tend to suppress the population development of the pea aphid when compared with locations where the predator populations were lower. This also can be seen in the relative densities of the lady beetles and aphids over years. In 1983, the pea aphid densities were low but the lady beetle densities were high, whereas in 1984, the pea aphid densities were higher and lady beetle densities were lower (Tables  7 and 9 ).
Diurnal sine of hour, predators, and all interactions were used to indicate variation in pea aphid counts collected by sweep net during a 24-h period. The best single-variable model given by the stepwise option of regression procedure for the pea aphids over both years was the diurnal sine of hour (Fig. lA) . The 24-h variation in the sweep net collections of pea aphids appears to be predicted best by the diurnal sine of hour. The predominance of the diurnal sine of hour may indicate a behavioral variation in the pea aphid controlled by a complex interaction among the abiotic factors shown in the four-variable model (once every 24 h). Light intensity is one of the primary factors affecting this variation (Table 6 ; Fig. lA) . The best four-variable model for the pea aphids was dominated by diurnal sine of hour, relative humidity, temperature, and light intensity (Fig. IB) . The importance of relative humidity and temperature in predicting the number of pea aphids collected by sweep net sampling was shown by their predominance in the four-variable model. The diurnal sine of hour and light intensity also were primary factors in determining the number of pea aphids collected by sweep net sampling. When 12 variables were added to the model, R2 was improved to 0.8602 (P < 0.0037), and the only significant variable (P < 0.0490) was diurnal sine of hour. Thus, the fourvariable model was about as effective a predictor of the pea aphid counts, because the C(p) increased from 3.114 for four variables to 13.000 for the 12-variable model.
The number of nabids collected by sweep net was significantly and negatively correlated with wind velocity and positively correlated with relative humidity and temperature over the 2 yr (Table  8 ). In 1983, wind and relative humidity were significantly and negatively correlated with nabid counts, whereas light intensity, temperature, and the diurnal sine of hour were significantly and positively correlated (Table 8 ). In 1984, only relative humidity had a significant positive correlation; diurnal sine of hour had a weak negative correlation (Table 8) . Variation in the effect of the abiotic factors does not appear to be related to density of the nabids in 1983, but the only significant correlations were found at the high nabid densities in 1984. Significant correlations between nabid counts and the diurnal sine of hour at high densities were found during both years; however, these correlations were inconsistent, and correlation over both years was not significant (Table 8) .
Overall, the nabid sweep net counts were not predicted very well by the abiotic factors that we measured. This may be partly because of the distributional effects, the ability of the sweep net sampling method to collect nabids, and dependence of the nabids on the aphid distribution. However, the best single-variable model found by the stepwise option included the diurnal sine of hour to predict the nabid count variation (Fig. 2A) . We expected this result because the best Single-variable model for the pea aphid also used the diurnal sine of hour (Fig. IA) . The best four-variable model given by the stepwise option in the regression procedure was dominated by wind velocity, diurnal sine of hour, and light intensity (Fig. 2B) . Two of these are the same abiotic factors that were the best predictors of the pea aphid sample variation (Fig. IB) . The predominance of the same abiotic factors indicates similar effects on the ability of sweep nets to collect the prey and this predator. The number of pea aphids found in a sample also was included in this model; this indicates a possible relationship between pea aphid and nabid sample variation.
Numbers of lady beetles collected by sweep net had a significant positive correlation with wind velocity and the crepuscular sine of hour and a negative correlation with light intensity over both years (Table 9) . These three correlations, although significant, had low correlation coefficients (0.1712, 0.1365, and -0.2354, respectively) (Table 9) . Overall, there was very little correlation between numbers of lady beetles and the abiotic factors we monitored. Nonetheless, numbers of pea aphids were significantly correlated with the number of lady beetles found in samples, and the lady beetle counts Vol. 82, no. 2 appeared to have a crepuscular cycle rather than the diurnal cycle that we observed for pea aphids ( Table 9 ). The best single-variable model found for the lady beetle used the crepuscular sine of hour to predict the number of lady beetles collected during a given hour (Fig. 3A) . As with the pea aphids, the lady beetle four-variable model was dominated by relative humidity, temperature, and light intensity (Fig. 3B) . However, unlike the pea aphid and nabid models, the lady beetle model used the crepuscular sine of hour rather than the diurnal sine to predict variation in beetle collections. Although the R2 of 0.4952 for the single-variable model was significant, the four-variable model had a larger R2 (= 0.7933) (Fig. 3A and 3B ) and contained three of the four variables used in the pea aphid four-variable model. The lO-variable model (R2 = 0.8834; C[p] = 11.0000) did not greatly improve the predictability.
Because lacewings were at very low densities in 1983, only data for 1984 are presented. The only significant abiotic factor that was correlated with the number of lacewings collected by sweep net was relative humidity (Table 10 ). The number of pea aphids (which were negatively correlated) and the crepuscular sine of hour (which was positively correlated) also were significant. The lack of significance for the other correlations may be partly because of the low densities of lacewings and because the sweep net is generally not efficient in collecting lacewings in lentils ( Table 2) .
As was found for the lady beetles, the best singlevariable model for the lacewings used the crepus- cular sine of hour to predict the number of insects in the hourly samples (Fig. 4A) . The crepuscular sine of hour was a significant (P < 0.0014) predictor of the variation in numbers of lacewings collected by sweep net. The best four-variable model contained temperature, light intensity, and crepuscular sine of hour (Fig. 4B) . Two of the same factors best described hourly variation in pea aphid numbers, and three of these four factors best described the variation in numbers of lady beetles collected by sweep net sampling. The four-variable model was a significant (P < 0.0183) predictor of the number of lacewings collected by sweep net. However, the only significant variable was the crepus-Vol. 82, no. 2 cular sine of hour, but it explained little of the variation (Fig. 4B) .
Understanding the effects of insect pest density and time of sampling on the efficiency of a sampling method, and the efficiency of that sampling method in collecting predators of the pest, is critical in determining the time at which sampling is most accurate. The 24-h cycle of counts shows that the sweep net collected the highest counts of pea aphids around noon, although population estimates were not appreciably reduced until dark, and counts were back to evening levels by midmorning ( Fig.  lA and IB) . The preferred sampling time for lady beetles would be during late morning, whereas nabids had the largest population estimates either in late morning or midafternoon (Fig. 2B and 3B ). The lacewings showed little predictability other than that found when the crepuscular sine of hour was used to predict sweep net population estimates, with highest population estimates either in late morning or late at night (Fig. 4B) . Overall, if the sweep net is to be used to estimate the population densities of the pea aphid and the predators we sampled, a late-morning sample would be preferable. However, if one of the three predators is dominant, the sampling plan could be modified to maximize the collection of pest and the dominant predator. If lady beetles are the dominant predators, a late-morning sample would be preferred ( Fig. IB and 3B ), but if the nabids were the dominant predators, a late-morning or mid afternoon sample would be preferred ( Fig. IB and 2B ). We conclude that choosing appropriate timing of sampling and using the sweep net sampling method can provide reliable estimates of pea aphid densities for determination of control actions in individual lentil fields. However, the timing of sampling is dependent on maximization of pea aphid estimates as well as the predominant predators present.
